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an  exceptionally  difficult  endeavor  In  the  past  due  to 
the  considerable  controversies  that  abound  In  the  area 
of  sensitivity  testing.  Interpretation  of  the  signifi- 
cance of  the  various  test  methods'  results,  conflicting 
results  from  apparently  similar  test  methods,  and  even 
the  definition  of  the  word  sensitivity  are  the  frequent 
subjects  of  debate  among  the  experts.  As  a result, 
very  little  useful  Information  has  filtered  down  to 
those  who  most  need  It  - at  the  working  level. 

Of  paramount  concern  to  those  working  with  or  near 
explosives  Is  their  susceptibility  to  accidental 
Initiation.  A method  for  assessing  that  hazard  by 
Inference  from  sensitivity  test  results  Is  described 
In  this  report.  Sixty-two  explosives  are  ranked  In  a 
Susceptibility  Index  (S.I.). 

Additionally,  attention  Is  focused  on  a few  aspects  of 
test  procedures  and  data  reporting  that  has  resulted  In 
the  publishing  of  erroneous  and  misleading  Information 
In  the  past. 
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I:  1.  Of  paramount  concern  to  those  working  with  or  near  explosives  Is  their 

| susceptibility  to  accidental  Initiation.  A method  for  assessing  that 

|.v  hazard  by  Inference  from  sensitivity  test  results  Is  described  In  this 

I report.  Sixty-two  explosives  are  ranked  In  a Susceptibility  Index  (S.I.). 
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TEST  ABBREVIATIONS  USED  IN  THIS  REPORT 


Tests  conducted  by  the  Naval  Surface  Weapons  Center  (formerly  Naval  Ordnance 
Laboratory  (NOL)),  White  Oak  Laboratory,  Silver  Spring,  MD: 


Test 

Drop  Hammer  Impact 
Large  Scale  Gap  Test 
Small  Scale  Gap  Test 


Abbrev 

NOL  Drop  Hammer  Impact 
NOL  LSGT 
NOL  SSGT 


Tests  conducted  by  the  Los  Alamos  National  Laboratory  {LAND  (formerly 


amos  Scientific  Laboratory), 

Los  Alamos,  NM: 

Test 

Abbrev 

Large  Scale  Gap  Test 

LANL  LSGT 

Small  Scale  Gap  Test 

LANL  SSGT 

Minimum  Priming  Charge 

LANL  Minimum  Priming  Charge 

Wedge 

LANL  Wedge 

Rifle  Bullet 

LANL  Rifle  Bullet 

Drop  Hammer  Impact 

LANL  Drop  Hammer  Impact 

Tests  conducted  by  the  Naval  Surface  Weapons  Center  (formerly  Naval  Weapons 
Laboratory  (NWL)),  Dahlgren  Laboratory,  Dahlgren,  VA: 

Test  Abbrev 


Velocity-50*  point  SUSAN  NWL/D  V-50  SUSAN 

Lowest  Violent  Reaction  SUSAN  NWL/D  LVR  SUSAN 


Tests  conducted  by  the  Naval  Explosives  Development  Engineering  Department 
(NEUED),  Naval  Weapons  Station,  Yorktown,  VA: 

Test  Abbrev 

Drop  Hammer  Impact  NEDED  Drop  Hammer  Impact 
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SUSCEPTIBILITY  INDEX 
OF  EXPLOSIVES  TO  ACCIDENTAL  INITIATION 


I.  INTRODUCTION 

Susceptibility  to  accidental  Initiation  Is  of  primary  concern  to 
everyone  associated  with  the  use  of  explosives.  Unfortunately,  this  charac- 
teristic cannot  be  quantitatively  defined  at  this  time,  and  the  prospects  for 
ever  doing  so  are  not  good.  Susceptibility  Is  affected  by  chemical  and 
physical  properties  of  an  explosive,  and  a multitude  of  other  factors  such  as 
geometry,  confinement,  density,  particle  size/shape/distribution,  etc.  When 
these  are  coupled  with  the  numerous  modes,  and  possible  combinations  of  modes, 
of  achieving  Initiation  such  as  heat,  friction,  Impact,  shock,  electrostatics, 
etc.,  and  the  undefined  mechanisms  whereby  Incident  energies  may  be  focused  on 
"hot  spots,"  It  can  readily  be  appreciated  why  quantitative  methods  for 
assessing  susceptibility  are  not  available. 

Lacking  quantitative  evaluation  techniques,  one  possible  alternative  is 
to  composite  the  susceptibility  characterization  from  pertinent  available 
sensitivity  test  data  In  such  as  way  that  It  represents  a "consensus,"  as  It 
were,  of  a given  explosive's  susceptibility  to  Initiation. 

There  are  numerous  types  of  sensitivity  tests;  each  quantifies  the 
energetic  stimuli  necessary  to  achieve  a prescribed  violent  explosive  response 
to  a particular  Initiation  mode. 

Interpretation  of  sensitivity  test  data  with  regard  to  relevancy  In 
assessing  susceptibility  to  accidental  Initiation  Is  highly  risky  and  often 
misleading.  How  can  a gap  test  requiring  not  only  Initiation  but  a sustained 
high-order  detonation,  or  a hammer  impact  test  on  explosive  spread  on  a square 
of  sandpaper,  realistically  be  related  to  the  minimal  energetic  stimuli 
necessary  to  cause  initiation  In  a solid  explosive  charge?  All  sensitivity 
tests  may  be  similarly  questioned  as  to  their  pertinence  In  assessing  the 
potential  hazard  of  any  particular  explosive  load  when  subjected  to  the 
spectrum  of  Its  expected  service  environment. 

Compounding  the  difficulty  In  assessing  the  potential  hazards  of 
explosives  < 1 .e . , their  susceptibility)  from  the  results  of  sensitivity 
testing  Is  the  manner  In  which  that  data  Is  presented  - and  misused.  A 
typical  recurring  example  of  misused  or  biased  data  is  to  draw  the  conclusion 
that  Explosive  X,  with  a 50-mllllmeter  (mm)  gap  test  value,  is  less  sensitive 
than  Explosive  Y with  a value  of  60  mm  In  that  same  test.  Actually  both 
explosives  will  have  varying  gap  sensitivity  values  depending  upon  the  density 
of  the  test  sample.  The  assessment  difficulties  become  more  acute,  even  when 
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using  "unbiased"  data,  If  the  attempt  to  correlate  Is  being  made  among 
different  test  methods.  An  example  of  such  a problem  would  be  an  attempt  to 
arrive  at  a reasonable  relative  susceptibility  statement  from  the  facts  that 
Explosive  X has  a 50-mm  gap  test  value,  and  Explosive  Y a 50-milligram  (mg) 
value  In  a minimum  priming  charge  test,  or  500  feet  per  second  (f/s)  in  a 
bullet  test.  There  are  also  occasions  when  reported  sensitivity  test  data  has 
not  discriminated  between  the  pressed  and  cast  versions  of  the  same  compo- 
sition, or  the  standard  test  procedure  was  altered  and  the  data  not  annotated. 

Small  wonder  that  explosive  sensitivity  Is  such  a controversial  subject, 
difficult  to  define  and  almost  Impossible  to  communicate.  Attempts  to  even 
rank  explosives  have  not  been  satisfactory  due  to  "reversals"  in  their 
behavior  from  one  type  test  to  another. 

This  effort  has  two  major  alms  - the  first,  to  alert  those  concerned 
with  explosives  to  accept  only  "good"  sensitivity  data;  and  secondly,  to  offer 
a method  that  simplifies  the  Interpretation  of  that  data  with  respect  to  acci- 
dental Initiations  by  converting  test  methods'  results  to  a common  unit  of 
measure  - a Susceptibility  Index  (S.I.). 

II.  EVALUATION  PROCEDURE 

It  Is  also  believed  that  the  guidelines  for  presenting  sensitivity  data 
and  the  evaluation  procedure  described  below  are  simple  and  easily  compre- 
hended. 

(1)  From  data  sources  listed  In  Section  V,  readily  accessible  sen- 
sitivity test  data  was  compiled  from  the  following: 

- NOL  drop  hammer  impact,  large  and  small  scale  gap  tests; 

- LANL  large  and  small  scale  gap,  minimum  priming  charge,  wedge, 
rifle  bullet  and  drop  hammer  Impact  tests; 

- NWL/D  velocity  (50  percent  reactions)  and  lowest  violent 
reaction  SUSAN  tests;  and 

- NEDED  drop  hammer  Impact  tests. 

Test  assemblies  are  shown  in  Figures  1 through  6. 

(2)  Due  to  the  strong  density  Influence,  each  of  the  solid  charge  tests 
data  were  plotted  graphically  (except  for  SUSAN  tests  where  charge 
density  was  not  provided).  These  graphs.  Figures  7 through  13,  not 
only  Illustrate  the  necessity  for  denslty-accountabll Ity  when  com- 
paring sensitivity  test  results,  but  also  demonstrate  the  repeat- 
ability or  degree  of  control  over  test  variables.  Since  the  primary 
Interest  to  most  explosive  users  Is  In  the  relatively  high  density 
ranges  typical  of  explosive  loaded  weapons,  98  percent  theoretical 
maximum  density  (%  TMD)  was  chosen  as  the  base  line  for  collecting 
representative  data  points  for  comparison. 
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(3)  Previous  attempts  to  order  explosive  sensitivity  by  their  rank 
in  each  of  the  test  methods  is  not  a satisfactory  method  if  only 
because  the  highly  significant,  relative  sensitivities  of  the  explo- 
sives are  lost  - how  much  more  sensitive  Is  No.  1 than  No.  2? 
Secondly,  all  explosives  would  have  to  be  run  in  all  of  the  test 
methods  so  they  could  be  ranked  In  each.  An  easier  solution  is  to 
consider  the  following.  Even  though  the  correlation  between  any 
given  test  method  result  and  susceptibility  Is  debatable,  there  Is  a 
commonality  of  Information  provided  by  each  of  the  test  methods' 
results.  Thus,  regardless  of  the  type  units  employed  to  express 
results,  the  range  of  each  test  methods'  results  Imply  varying 
degrees  of  potential  hazard,  or  susceptibility.  For  example,  80  mm 
In  a large  scale  gap  test,  or  15  centimeters  (cm)  In  a drop  hammer 
Impact  test  are  values  that  say  “Beware"  to  all  data  evaluators, 
just  as  a 1500  mg  minimum  priming  charge,  or  9000  f/s  bullet  test 
value,  Imply  "Reasonably  Safe."  If  the  above  concept  Is  generally 
acceptable,  then  each  test  methods'  units  can  be  converted  to  a 
common  "apparent  susceptibility  scale"  from  0 to  250,  where  50 
corresponds  to  "Beware,"  and  200  to  "Reasonably  Safe." 

(4)  Conversion  equations  to  the  common  S.I.  for  each  of  the  test  methods 
studied  were  developed  and  are  listed  In  Table  I.  Table  II  contains 
the  "raw"  data  and  beneath  them  their  equivalent  S.I.  values.  The 
explosives  are  ranked  by  their  average  S.I.  value,  and  the  common 
unit  of  measure  readily  permits  comparison  of  various  test  method 
results. 

Figure  14  graphically  displays  the  ordering  of  some  of  the  explosives 
along  the  S.I.  scale,  and  the  spread  and  overlap  of  test  results. 

The  methods  used  to  develop  the  conversion  equations  are  described  in 
the  Appendix,  however.  It  should  be  kept  In  mind  that  this  Is  a qualitative 
evaluation  and  the  only  real  criteria  for  those  equations  Is  that  they  produce 
reasonable  results. 

The  degree  of  agreement  between  test  methods  in  characterizing  the 
explosives  was  determined  by  calculating  correlation  coefficients  for  the 
various  combinations  as  shown  In  Table  III. 

Nominal  compositions  of  other  than  mono-explosives  are  listed  In  the 
Appendix,  Table  A. I. 

III.  DISCUSSION  OF  RESULTS 

It  should  be  apparent  from  the  graphs  of  TMD  versus  results  for  the 
solid  charge  test  methods,  Figures  7 through  13,  that  comparisons  of  explosive 
sensitivities  In  those  tests  are  meaningless  unless  densities  are  accounted 
for,  and  secondly,  that  more  data  Is  needed  to  adequately  define  the  density 
effect  In  some  of  the  tests. 
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The  conversion  equations,  Table  I,  reveal  some  apparent  limitations  on 
some  of  the  test  methods;  the  L.ANL  SSGT  Is  not  useful  for  relatively  Insen- 
sitive explosives,  and  the  minimum  priming  charge  test  is  not  definitive  for 
very  sensitive  explosives. 

The  tabulated  S.I.  values,  Tab’e  II,  provide  a viable  means  for  ranking 
explosives  on  a comparable  density  basis,  and  without  requiring  that  all 
explosives  be  tested  in  all  of  the  methods.  Additionally,  the  drastic  dif- 
ferences in  test  response  of  the  cast  version  of  a composition  versus  the 
pressed  version  is  readily  apparent,  as  is  the  erratic  behavior  of  Pentolite. 
DATB  Is  not  quite  as  Insensitive  as  might  have  been  expected.  The  cast 
plastic-bonded  explosives  generally  appear  relatively  insensitive  In  gap  tests 
(difficult  to  achieve  a sustained  detonation),  but  are  quite  sensitive  in 
other  tests  - emphasizing  how  misleading  attempting  to  characterize  an  explo- 
sive by  just  one  type  test  method  might  be. 

Knowledge  of  the  degree  of  agreement  between  test  methods  is  valuable  in 
avoiding  redundancy  in  the  selection  of  methods  to  characterize  an  explosive. 

IV.  SUMMARY 

The  use  of  a common  measuring  scale,  the  S.I.,  has  many  advantages: 
communication  is  simplified;  anomalous  results  are  more  readily  apparent  - 
triggering  a questioning  of  the  validity  of  the  data,  or  an  investigation  of  a 
real  learning  opportunity;  and  most  importantly,  explosives'  hazard  potential 
can  be  compared  even  though  they  might  not  have  been  Identically  tested.  It 
is  likely  that  a conversion  equation  could  be  developed  for  any  quantified, 
good  sensitivity  test  (one  that  reproducibly  differentiates  the  response  of 
various  explosives  to  energetic  stimuli),  permitting  direct  comparison  with 
other  test  method  results. 

There  are  several  observations  worth  repeating: 

(1)  The  density-sensitivity  graphing  of  solid  charge  test  results  is 
essential  to  conveying  that  data  in  a useful  form. 

(2)  The  pressed  solid  test  charges  are  more  sensitive  In  those  tests 
studied  here,  than  the  cast  charges  of  the  same  composition  - each 
type  must  be  given  a separate,  distinct  identity. 

(3)  Response  in  drop  hammer  impact  (type  12  tooling)  is  overwhelmingly 
influenced  by  the  most  sensitive  Ingredient  in  an  explosive  mix  and 
hence  should  not  be  expected  to  correlate  well  with  most  solid 
charge  tests. 

(4)  Any  deviation  from  a standard  test  procedure,  I.e.,  impact  on  solid 
chunks  vice  powders,  should  be  reported  with  the  test  result. 

Finally,  the  concept  of  the  S.I.  is  straightforward.  It  neither 
distorts  test  data,  nor  detracts  from  the  purpose  of  the  various  test  methods, 
but  rather  attempts  to  derive  additional  usable  information  from  them  in  a 
form  that  is  easily  conveyed  to  a broader  audience  of  those  individuals  most 
in  need  of  the  information. 
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TABLE  I.  EQUATIONS  TO  CONVERT  TEST  RESULT  UNITS  TO 
SUSCEPTIBILITY  INDEX  VALUES 


NOL  LSGT,  S.I.  = 236  - 2.77  x [gap  (mm)] 


NOL  SSGT,  S.I.  * 190  - 16.9  x [gap  (ran) ] 


LANL  LSGT,  S.I.  = 267  - 3.4  x [gap  (ran)] 


LANL  SSGT,  S.I.  * 105  - 12.6  x [gap  (mm)] 


LANL  Minimum  Priming  Charge,  S.I.  a 2.8  x\/weight  (mg)1  + 64 


LANL  Wedge,  S.I.  a 61.4  xy  thickness  (mm)  + 38 


LANL  Rifle  Bullet,  S.I.  « 0.025  x [velocity  (ft/sec)]  - 3 


NWL/D  SUSAN  V-50,  S.I.  ■ 0.35  x [velocity  (ft/sec)]  + 26 


NWL/D  SUSAN  LVR,  S.I.  - 0.11  x [velocity  (ft/sec)]  + 41 


NEDED  Drop  Hammer  Impact,  S.I.  * 25.4  xY [height  (cm)]'  - 71 
NOL  Drop  Hammer  Impact,  S.I.  s 14.9  xV[ height  (cm)]  - 20 


LANL  Drop  Hammer  Impact,  S.I.  = 17  xV[he1ght  (cm)]  - 32 
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TABLE  II.  SUSCEPTIBILITV  INDEX  VALUES 


Rank 

Explosive 

■ 

PETN  S.  1 . 

2 

PENTOLITE  <P)  S. 1. 

3 

RDX  S. 1. 

■ 

DINA  S. 1. 

Gap  tests  (mm) 


em  iem  tsunami 


Drop  hammer 

Impact  fast*  (cm)  Wad 


NEDED  INOL  LANL 


16  I I 14 


wmrmwm 

■cad  mm 

VrjrjmFSJTJM 


5 Ihmx  s 


6 TNETB  S.I.J 


COMP  A- 5 S 


8 TETRYL  S.  I . i 


CH-6  S. I . 


10  9404  S.I.J 


1 1 EDNA  S. I . : 


2 CYCL0T0L  (P)  S 


13  9407  S.1.1 


14  9007  S 


15  PENTOLITE  (C)  S.I.J 


16  9010  S 


PBXN-6  S 


18  OCTOL  (P)  S.1.1 


19  9501  S 


20  PeXN-IOI  s.1.1 


21  P8XN-102  S. 


22  PBXN-103  S 


36  41 


65  | 43  I 45 


45  I 55  I 48 


59 


63  | 40 


61 


65 


26 

58  I 70  59 


73  55 


B3M5SI m 

BiiriKi 

nzatmmi 


Hggassai 


s 

avg 
of 
al  I 

NWL/D (tests 


69  57 


58  I 53 


64  54 


\wnmsMmmKPmmmiKmi 


71  | 68  69  68  59 


61 


LJ 

72 

77 

■ai 

44 

70  90 


76  | 68  79  78  70  51*  52*  68 


70 


74 


I0HI 


71  79 


87  87 


1.2 

90  61  I 45 


79  I 81 


103  I 66 


84  [ 90 


1.9 

81  81 


69 


78 


83  I 83 


—i  i—  fi  nwni 


74  I 74 


69  | 57 


70  | 72 


58 


77  I 82 


87  [ 87 


721  75 


77 


1 10  88 


I !■  frli  W-^l  i^JI  Kj-j-Ji  I 


82  86 


761  104*1  66*1  81 


81 


IIHIEHSI 


83 


84 


68*|  127*1  86 


79*1  96*1  86 


63* 1 87 


Rank  Explosive 


Drop  hammer 

Gap  tests  (mm) 

Impact  tests  (cm) 

23  9205  S.  I. 


24  COMP  B (P)  S.  I.: 


25  OETASHEET  $.  I. 


26  9011  S.  I.) 


27  TNB  S.  I . : 


28  PBXN-5  S 


29  COMP  C-4  S 


30  OCTOL  (C)  S.  I.t 


31  PBXN-105  S.I.! 


32  PBXC-117  S.I.: 


33  COMP  B-3  (C)  S.I.I 


34  CYCLOTOL  (C)  S.I.I 


35  COMP  A-3  S.  I . s 


36  PBXW-108  S 


37  COMP  B (C)  S 


38  PBXC-116  S 


39  PBXW-109  S 


40  PBXN-106  S.  I.i 


41  PICRAMIDE 


42  MINOL  II  S.  I. 


43  h+-6  (P)  S.  I. 


44  PUXN-3  S.  I. 


■ CHI  nil  CHI 

■■‘rwwnyi 

Iemei 

■■■■ 
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foBSS; 

mi  mm 

mmMmwmwxm 


mzmrmmM&m 

mmmmm 
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KmmmrjKn 
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95  I 95 


84  I 70 


80*  I 00  | 96 


81  I 86 


90 


106  | 75 


103  I 77 


97  I 96  I 90 


158  I 24 


125  I 81 


87  I 86 


99  I 106  I 90 


96  I 84  | 101 


128  I 94 


97  I 89  | 97 


139  | 84 


156  I 86 


97*  I 104  I 88 


122 


164  I 153 


103  I 165 


116  I 166 


LANL 


91  | 91 


IjgBBIGlFMil  I— II I BM 1 1 II 
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109  I 91 
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WTMWSMm 
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mm  kb 
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85  | 80  1 14  142  100  100*  64*  101 


wmmmmmm 

mnmmmm 


I W&WmTSmwm  MMM 

IB3MBSI 

mmmwmwjmmm 


121  I 112  84  84  80  129*  139*  102 


109  100  112  133 


73 


114*1  87*  104 


79*1  118*1  105 


rnmwnami 


\mmwnm 


106 


89*1  107 


rnn wmi 

Him 

wmwni 

^mmsi 

mmtzm 


149*1  107*1  111 


122 


86*1  92*1  123 


124 


131*1  109*1  126 
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TABLE  II.  SUSCEPTIBILITY  INDEX  VALUES  (contd) 


Rank  Explosive 


Gap  Tests  (nun) 


SSGT  f S.  T7 


tuusi  u&m  »a*iuai  masn 

wAHEMmmnm 


100  I 100  I 175 


Drop  hammer  prim  Bui-  SUSAN  SUSAN 

Impact  tests  (cm)  Wedge  chg  let  V-50  LVR 

, , test  test  test  test  test 

I S.  I.  (mm)  (mg)  (f/s)  (f/s)  (f/s 


NWL/D 


Kmwmnmmm  u nii  wmum\ 


NEOED  I NOL  LANL 


■■  ml 

kiSS 

mmm  ■ 


128  | 169 


101  1 131  I 230 


175  I 182  I 1251  118  I 110 


wmmMFAfMmi 


50  ITRITONAL  (P)  S.I.J 


51  ITRITONAL  (C)  S.I.i 


AN/TNT/AL 

53  40/40/20  S. I . I 


54  XPL  0 (P)  S.I.J 


53  TNT  (C)  S.I.! 


56  IdESTEX  S 


37  PICRATOL 


38  DNT  S.  I.  : 


ikbiehm 

I mum  9 

imiMini 

5S5 

mmm 

ma  vm  m 


vmmmrmi 

mmm\ 

EZSBMl! 
Ian —i  wm§ 

khmphs 


E5MHI 

wnmmmn 


62  NO 


(C)  Cast 
(P)  Pressed 

* Density  not  reported 
dm  Test  unit  values 


hhhmhI I ■ I 

MmSmSm  SSnEi^^H 

wmKmwmmmmmmmmwmSm 


117  I 163 


117  I 216 


163*|  136»|  141 


112*1  129*1  148 


mmwjnnm 

WHBWM 


129  | 193 


166  I 189 


164  I 173 


134  I 250 


175  I 182 


iwmmm 

ii mm® 

iwmm?A 
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175*1  173*1  174 


I79»|  176 


■«» 
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mmrjnnml 


142  I 250 


230  | 2301  250  I 250 


NWSY  TR  81-6 


TABLE  III.  CALCULATED  CORRELATION  COEFFICIENTS 


Test  method 

Correlation 

coefficient 

rxy 

COMPARED  TO  AVG  GAP  TEST: 

NOL  LSGT 

.986 

LANL  LSGT 

.979 

NOL  SSGT 

.963 

LANL  Bullet 

.933 

Drop  Hammer  Impact  (mono  explosives) 

.895 

LANL  SSGT 

.838 

LANL  Minimum  Priming  Charge 

.685 

Avg  Drop  Hammer  Impact 

.557 

NWL/D  SUSAN  V-50 

.430 

LANL  Wedge 

.264 

NWL/D  SUSAN  LVR 

.175 

COMPARED  TO  AVG  DROP  HAMMER  IMPACT  TEST: 

LANL  Drop  Hammer  Impact 

.988 

NOL  Drop  Hammer  Impact 

.979 

NEDED  Drop  Hammer  Impact 

.977 

NWL/D  SUSAN  LYR 

.728 

LANL  Bullet 

.709 

NWL/D  SUSAN  V-50 

.648 

LANL  Minimum  Priming  Charge 

.254 

LANL  Wedge 

.157 

COMPARED  TO  SUSAN  LVR  TEST: 

NWL/D  SUSAN  V-50 

.700 

10 
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SUSAN  PROJECTILE 


V-50:  PROJECTILE  IMPACT  VELOCITY  AGAINST  STEEL  PLATE  WHERE  A VISIBLE 
EXPLOSIVE  REACTION  OCCURS. 

LVR:  LOWEST  IMPACT  VELOCITY  WHERE  A VIOLENT  EXPLOSIVE  REACTION  OCCURS, 

AS  EVIDENCED  BY  OVERPRESSURE  10  FEET  FROM  IMPACT  SITE. 


FIGURE  5.  SUSAN  TESTS 


RIFLE  BULLET:  LOWEST  IMPACT  VELOCITY  OF  STEEL  CYLINDER  (APPROX.  0.3  INCH  DM 
BY  0.5  INCH  LONG),  FIRED  FROM  .30  CALIBER  RIFLE  INTO  ONE  END 
OF  A BARE  CYLINDRICAL  EXPLOSIVE  CHARGE  (2  INCHES  DIA  BY 
3 INCHES  LONG),  RESULTING  IN  A PRESCRIBED  OVERPRESSURE  RISE 
NEAR  IMPACT  SITE. 


FIGURE  6.  RIFLE  BULLET  TEST 
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APPENDIX 

DEVELOPMENT  OF  THE  CONVERSION  EQUATIONS 


A graph  was  constructed  consisting  of  an  ordinate  arbitrarily  represent- 
ing increasing  levels  of  energy  required  for  an  explosive  response,  versus  an 
abscissa  with  Increasing  levels  of  energy  applied  to  test  samples.  Separate 
abscissa  scales  were  made  for  each  test  method,  with  Its  own  particular  unit 
of  measure,  arranged  to  conform  to  the  definition  of  the  abscissa.  For 
example,  gap  test  values  decreasing  away  from  the  origin,  and  Impact  values 
Increasing.  A thin,  horizontal  strip  of  cardboard  was  made  for  each  explo- 
sive, scaled  to  fit  the  length  of  the  abscissa.  Respresentatl ve  (98%  TMD  for 
solids)  test  data  were  marked  on  the  strip  In  color-coded  Identifying  symbols 
from  the  appropriate  test  method  abscissa  scale.  Each  strip  was  moved  up  the 
ordinate  scale,  and  located  In  accordance  with  the  apparent  relative  response 
energies  denoted  by  each  test  method  result.  It  became  apparent  that  many  of 
the  test  methods'  results  were  forming  similar  patterns.  By  adjusting  the 
spacing  between  the  strips,  each  of  five  test  methods'  results  could  be 
connected  by  straight  lines,  Implying  good  correlation  between  them.  By 
assigning  values  from  0 to  260  to  the  ordinate  scale,  the  graph  provided  co- 
ordinates to  develop  linear  equations  to  convert  the  units  of  each  of  those 
correlating  test  methods  to  ordinate  scale  values,  the  Susceptibility  Index 
(S.I.).  An  average  S.I.  value  was  then  calculated  for  each  explosive,  and 
linear  regression  analysis  was  performed  to  refine  the  conversion  equations 
until  optimum  correlation  was  achieved  between  those  test  methods.  This 
established  the  significance  of  the  S.I.  values. 

Unfortunately,  there  was  no  fixed  format  for  producing  conversion  equa- 
tions for  the  remaining  test  methods,  so  a "cut  and  fit"  approach  was  used  to 
best  equate  the  range  of  a test's  results  to  an  appropriate  S.I.  range.  For 
example,  drop  hammer  Impact  heights  provided  better  translating  media  when 
treated  as  measures  of  Impact  velocity  (-^ height^ ) , rather  than  potential 
energies  (height). 

Since  they  were  derived  solely  on  the  basis  of  personal  judgment,  these 
last  equations  may  not  be  the  most  appropriate,  and  could  possibly  be  Improved 
on. 
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TABLE  A. I.  NOMINAL  COMPOSITIONS  OF  EXPLOSIVES 


Designation 

Ratio 

Ingredients 

AN/TNT/AL 

40/40/20 

AN/TNT/AL 

CH-6 

97. 5/1. 5/. 5/. 5 

RDX/CALCIUM  STEARATE/ 
GRAPHITE/POLYISOBUTYLENE 

COMP  A- 3 

91/9 

m/m 

COMP  A- 5 

98.5/1.5 

RDX/STEARIC  ACID 

COMP  B 

63/36/1 

m/m/m 

COMP  8-3 

60/40 

m/m 

COMP  C-4 

91/9 

RDX/PLASTICIZER 

CYCLOTOL 

75/25 

RDX/TNT 

DESTEX 

75/19/5/2/. 07 

TNT/AL/WAX/CARBON/LECITHIN 

DETASHEET 

60/40 

PETN/BINDER 

H-6 

45/30/20/5/.  5 

RDX/TNT/AL/WAX/CaCl 

HBX-1 

40/38/17/5/. 5 

RDX/TNT/AL/WAX/CaCl 

HBX-3 

31/29/35/5/. 5 

RDX/TNT/AL/WAX/CaCl 

MINOL  II 

40/40/20 

AN/TNT/AL 

OCTOL 

75/25 

HMX/TNT 

PBXN-1 

68/20/12 

RDX/AL/NYLON 

PBXN-2 

95/5 

HMX/NYLON 

PBXN-3 

86/14 

RDX/NYLON 

PBXN-4 

94/6 

DATB/NYLON 

PBXN-5 

95/5 

HMX/VITON 

PBXN-6 

95/5 

RDX/VITON 

PBXN-101 

82/18 

HMX/BINDER 

PBXN-102 

59/23/18 

HMX/AL/BINDER 

PBXN-103 

40/17/27/6 

AP/AL/PLASTICIZER/NC 

PBXN-104 

70/30 

HMX/BINDER 

PBXN-105 

50/26/17/7 

AP/AL/BINDER/RDX 

PBXN-I06 

75/25 

RDX/BINDER 

PENTOLITE 

50/50 

PETN/TNT 

PICRATOL 

52/48 

EXPLOSIVE  D/TNT 

TRITONAL 

80/20 

TNT/AL 

9007 

90/9.1/. 5/. 4 

RDX/POLYSTYRENE/DI-PHTHALATE/ 

ROSIN 

9010 

90/10 

RDX/KEL  F 

9011 

90/10 

HMX/ESTANE 

9205 

92/6/2 

RDX/POLYSTYRENE/DI-PHTHALATE 

94/3/3 

HMX/NC/TRI PHOSPHATE 

94/6 

RDX/EXON 

9501 

95/2.5/1.25/1.25 

HMX/ESTANE/BDNPA/BDNPF 

INITIAL  DISTRIBUTION 


Copies 


Commander 

Naval  Sea  Systems  Command 
Washington,  DC  20362 

( SEA-64E)  1 

(SEA-04H)  1 

Commander 

Naval  Surface  Weapons  Center 
White  Oak  Laboratory 
Silver  Spring,  MD  20910 

Attn:  Dr.  M.  J.  Kamlet  1 

Dr.  R.  Bernecker  1 

Dr.  H.  Adolph 1 

Technical  Library  1 


Commander 

Naval  Surface  Weapons  Center 


Dahlgren  Laboratory 
Dahlgren,  VA  22448 

Attn:  Dr.  B.  Smith 1 

C.  Cooper  1 

Technical  Library  1 


Commander 

Naval  Weapons  Center 
China  Lake,  CA  93555 

Attn:  Dr,  A.  Amster  1 

Dr.  T.  Joyner 1 

Dr.  A.  Nielson  ............  1 

Technical  Library  1 

Commanding  Officer 
Naval  Research  Laboratory 
Washington,  DC  20375 

Attn:  Dr.  J.  M.  Schnur  (Code  5513) 1 

Technical  Library  , 1 


Commander 

Naval  Sea  Systems  Command 

Naval  Ammunition  Production  Engineering  Center 

Naval  Weapons  Support  Center 

Crane,  IN  47522 

(SEA-6425)  1 


1 
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INITIAL  DISTRIBUTION  (contd) 


Copies 


Commanding  Officer 
Naval  Weapons  Station 
Yorktown,  VA  23691 

(016)  1 

Administrator 

Defense  Technical  Information  Center  (DTIC) 

Cameron  Station 

Alexandria,  VA  22314  12 

Chairman 

Department  of  Defense  Explosives  Safety  Board 
Room  856-C,  Hoffman  Bldg.  1 
2461  Elsenhower  Ave. 

Alexandria,  VA  22331  1 

Deputy  Director  for  Contract  Administration  Services 
Cameron  Station 
Alexandria,  VA  22314 

( DCAS-QS)  1 

Commander 

U.S.  Army  Armament  Materiel  Readiness  Command 
Rock  Island,  IL  61299 

( DRSAR-SF)  1 

Deputy  Inspector  General  for  Inspection  and  Safety,  USAF 
Norton  Air  Force  Base,  CA  92409 

(IGD/SEV)  1 

Commander 

U.S.  Army  Armament  Research  and  Development  Command 
Dover,  NJ  07801 

Attn:  L.  W.  Saffian 1 

L.  Avraml  . 

Technical  Library  1 


D1 rector 

Los  Alamos  National  Laboratory 


University  of  California 

P.0.  Box  1663 

Los  Alamos,  NM  87544 

Attn:  M.  Urlzar 1 

I.  Akst 1 

Dr.  R.  Rogers 1 

Technical  Library  1 
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INITIAL  DISTRIBUTION  (contd) 


Copies 


Director 

Lawrence  Livermore  National  Laboratory 


University  of  California 
P.0.  Box  808 
Livermore,  CA  94550 

Attn:  Dr.  R.  McGuire 1 

Or.  M.  Finger 1 

Technical  Library  1 


Commander 

Air  Force  Armament  Laboratory 
Eg! In  Air  Force  Base,  FL  32542 


Attn:  Dr.  L.  Elkins 1 

Technical  Library  1 


Commanding  General 
Aberdeen  Proving  Ground 
Ballistics  Research  Laboratory 


Aberdeen,  MD  21005 

Attn:  P.  Howe  (DRDAR-BL) 1 

Technical  Library  1 


Mason  & Hanger-Si  las  Mason  Co.,  Inc. 


P.0.  Box  30020 
Pantex  AEC  Plant 
Amarillo,  TX  79177 

Attn:  Dr.  C.  Alley 1 

J.  D.  Harrell 1 


3 of  3 


i Afiilt  • ^fciirit  Vliifa  it  NiiJ  It  itf  IffHl  i*  'liili  ) I l ili'r.W’nMM  li'urV.  .-.v^-axn  w rfiiiuu.b£au!&y< 


, ii.'t  sn-inv a.  lie  ul-!.  m i. 


ii  AiVaj 


